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EcoRI fragments A, B and C produced from linear @29 DNA, but not D or E fragments, are trans- 
cribed by purified Bacillus subtilis RNA polymerase. The transcription of fragments A and C is 
initiated preferentially with GTP and to a lesser extent with ATP; the reverse happens in the case 
of fragment B. The dinucleotides GpU and GpA respectively, compete specifically with the incorpora- 
tion of [y-32P]GTP directed by fragments A and C. The RNA synthesized in vitro by purified B. subtilis 
RNA polymerase is highly asymmetric. Most of the RNA synthesis directed by fragments A and C is 
early RNA. However, most of the RNA produced by fragment B is anti-late-RNA. Addition of crude 
extracts inhibit the transcription of fragment B but not that of fragments A and C. 
The genome of Bacillus subtilis phage @29 consists 
in a double-stranded DNA of molecular weight 
12 x lo6 [l]  (Talavera, personal communication) which 
can be isolated from the phage particle as a circular 
monomer closed by a protein linker, which upon 
treatment with proteolytic enzymes is converted into 
linear molecules of the same length [2]. 
By infection of ultraviolet-irradiated B. subtilis 
with phage @29 up to 23 proteins have been reported 
to be induced [3- 51. Out of the 17 cistrons identified 
in the @29 genome (Fig. 1) [6], the protein products of 
12 cistrons have been characterized ; cistrons 1 - 6 
and 17 code for early proteins while cistrons 7-12, 
15 and 16 code for late proteins [5]; we do not know at 
present whether cistrons 13 and 14 code for early or 
late proteins. The transcription of the early genes 
takes place from right to left from the light DNA 
strand and that of the late genes from left to right 
from the heavy DNA strand [5,7]. Thus, there should 
be at least one control mechanism in the transcription 
of @29 DNA, the change of early to late RNA [7,8]. 
In fact, a cistron has been identified (gene 4), which 
does not give rise to the synthesis of late proteins 
[5 ,?]  nor of late RNA (unpublished results). The 
synthesis of early RNA takes place in bacteria infected 
in the presence of chloramphenicol [7,8], which in- 
dicates that the host RNA polymerase, without the 
addition of any induced protein factor, is used for 
the synthesis of this class of mRNA. 
~~ 
Enzymes. Lysozyme or mucopeptide N-acetylmuramoylhydro- 
lase (EC 3.2.1.17); pancreatic ribonuclease (EC 3.1.4.22); pancreatic 
deoxyribonuclease (EC 3.1.4.5); restriction endonuclease EcoRI 
(EC 3.1.4.-). 
By using the restriction endonuclease EcoRI we 
have cleaved linear @29 DNA into five fragments, 
A - E ; we have determined their order and located 
them relative to the genetic map by marker rescue 
experiments [lo]. As shown in Fig. 1, the early genes 
1-6 and 17 are located within the EcoRI fragments 
A and C respectively. In fact, synthesis in vitro of 
early proteins has been obtained either directed by 
linear @29 DNA [ l l ]  or by fragments A and C 
(unpublished results). Fragments D and E probably 
contain cistrons 16 and 15 respectively, coding for 
late proteins and, thus no protein synthesis would 
be expected in vitro since only early proteins are 
produced in the protein-synthesizing system in vitro 
[ll]. Fragment B contains cistrons 10- 12, coding 
for late proteins, and cistrons 13 and 14 whose pro- 
tein products have not been characterized; if any of 
these two cistrons coded for an early protein there 
would be transcription in vitro by B. subtilis RNA poly- 
merase directed by the fragment even though no pro- 
tein synthesis has been detected (unpublished results). 
If B. subtilis RNA polymerase transcribes only 
early genes one would expect to obtain early transcrip- 
tion directed by fragments A and C. If fragment B 
contained some early genes, it would also be transcrib- 
ed; in this case, however, the late genes present at the 
end of the early gene(s), transcribed in vivo from left 
to right from the opposite DNA strand (heavy strand), 
should not be transcribed in vitro by the B. subtilis 
RNA polymerase. 
The results presented in this paper indicate that 
EcoRI fragments A, B and C are transcribed by puri- 
fied B. subtilis RNA polymerase. The fidelity of the 
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Fig. 1. Genetic, physical and transcription map of'@2Y DNA. (1) Physical map of the EcoRI fragments relative to the genetic map taking into 
account the molecular weight of the fragments [lo] and the genetic distances calculated by recombination 161. (2) Physical map of EcoR1-A 
and B fragments relative to the genetic map as determined by marker rescue experiments [lo]. (3) Genetic map according to Mellado et al. [6] .  
(4) Transcription map [ 5 ] .  The arrows indicate direction of transcription 
transcription in vitro was analyzed by hybridization- 
competition experiments and formation of RNase- 
resistant RNA . RNA hybrids after self-annealing or 
annealing with chloramphenicol or late RNA. All three 
fragments produce asymmetric RNA. Most of the 
RNA synthesized directed by fragments A and C is 
early RNA. However, about 80% of the RNA pro- 
duced, directed by fragment B, is anti-late RNA. 
When crude extracts are used as a source of poly- 
merase or when a small amount of extract from un- 
infected bacteria is added to the purified polymerase, 
the transcription of fragment B, but not that of frag- 
ments A and C, is greatly decreased. 
The incorporation of [y-32P]GTP and [y-"PI- 
ATP directed by the fragments and the inhibition of 
this incorporation by dinucleoside monophosphates is 
also reported. 
MATERIALS AND METHODS 
Enzyme Purification 
DNA-dependent RNA polymerase holoenzyme 
from B. subtilis 11ONA was prepared by a modifica- 
tion of the method of Avila et al. [12] as described by 
Jimenez et al. [13]. Crude extracts were prepared by 
lysis of the cells with lysozyme (500 pg/ml) in the pres- 
ence of phenylmethylsulphonyl fluoride (300 pg/ml) 
by overnight incubation at 4 "C. After lysis the cell 
suspension was sonicated for 3 min and centrifuged 
for 10 min at 12000 x g .  
R N A  Synthesis in vitro 
The incubation contained, in a final volume of 
0.1 ml, the following components : 60 mM Tris-HC1, 
pH 7.8, 12 mM MgC12, 10 mM 2-mercaptoethanol, 
0.2 mM ATP, CTP, GTP and [3H]UTP (300 Ci/mol), 
50 pg bovine serum albumin, 5 pg linear @29 DNA or 
equimolar amounts of the EcoRI fragments and the 
indicated amounts of purified B. subtilis RNA poly- 
merase holoenzyme. The incubation was carried out 
at 37 "C and, at different times aliquots were taken to 
determine cold 5 "/, trichloroacetic-acid-insoluble 
radioactivity. 
The incubation mixture for the incorporation of 
~-~'P-labeled nucleotides contained, in a volume of 
0.05 ml, 60 mM Tris-HC1, pH 7.8, 12 mM MgC12, 
10 mM 2-mercaptoethanol, 0.2 mM CTP, 0.2 mM 
[Y-~'P]GTP or [y-32P]ATP (10 x 108 counts min-' 
pmol-'), 0.1 mM [3H]UTP (100 Ci/mol), 25 pg bovine 
serum albumin, 2.8, 1.6, 0.7 and 0.25 pg linear @29 
DNA or fragments EcoRI-A, B and C respectively 
and the indicated amounts of purified B. subtilis RNA 
polymerase holoenzyme. After 10 min at 37 "C the 
incubation mixture was chilled, precipitated with 5 % 
trichloroacetic acid containing 0.02 M sodium pyro- 
phosphate, filtered through discs of gkass-fiber paper 
(Whatman GF/C, 2.4 cm diameter) and washed ex- 
tensively with the precipitation mixture. 
The same incubation mixture was used to test the 
effect of dinucleotides on [ Y - ~ ~ P I G T P  and [y-32P]ATP 
incorporation except that the concentration of the 
(~-~'P)-labeled nucleotide was 0.05 mM. 1.5 pg and 
0.5 pg of fragments EcoRI-A and C, respectively, 
were used. The dinucleotide concentration was 
0.3 mM. 
For the isolation of RNA in vitro for hybridization- 
competition or annealing experiments the mixture was 
incubated for 10 min ; then electrophoretically puri- 
fied DNase I (30 pg/ml) was added, and the incubation 
continued for 1 h. Finally sodium acetate, pH 5.2, 
up to a concentration of 0.25 M and 1 'sodium 
dodecylsulfate were added and the protein extracted 
with hot phenol [14]. The RNA in the aqueous 
phases was concentrated by precipitation with 3 
volumes of ethanol in the presence of 0.3 M sodium 
acetate, pH 5.2. The precipitate was washed with 
85 % ethanol, dried under a nitrogen stream and dis- 
solved in 1 mM EDTA, pH 7.0. 
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Isolution of R N A  in vivo 
Unlabeled RNA was isolated from B. suhtilis 
11ONA uninfected or infected with phage @29 at a 
multiplicity of 20 in the presence of chloramphenicol 
(400 pg/ml), added 5 min prior to infection (chlor- 
amphenicol RNA), or in the absence of chloramphen- 
icol (late RNA). After 30 min of incubation at 37 "C 
the cells were cooled down, centrifuged and lysed by 
treatment with lysozyme (500 pg/ml) in a buffer con- 
taining 10 mM Tris-HC1, pH 7.8,20 mM NaCl, 5 mM 
MgClZ and 10 mM sodium azide for 1 h at 0 "C. The 
RNA was extracted by the hot-phenol method [14] 
as described before for the isolation of the RNA 
synthesized in vitro. 
Hybridization Tests 
Hybridization-Competition. Hybridization was car- 
ried out by incubating the 3H-labeled RNA synthe- 
sized in vitro, in a final volume of 1.5 ml of 2 x standard 
saline citrate, with nitrocellulose filters (Millipore 
HAWP, 2.4 cm diameter) containing 0.5 pg of dena- 
tured @29 DNA, at 64 "C for 20 h [15]. Increasing 
amounts of unlabeled competitor RNA (uninfected, 
chloramphenicol or late RNA respectively) were 
added. Controls containing filters without DNA were 
carried out. After incubation, the filters were washed 
with 2 x standard saline citrate, incubated with 4 ml 
of RNase (20 pg/ml) in 2 x standard saline citrate at 
room temperature for 1 h, washed with this solution, 
dried and counted. 
Annealing. 3H-labeled RNA synthesized in vitro 
was incubated for 20 h at 64 "C in 0.1 ml of 2 x 
standard saline citrate in the absence or in the presence 
I A  
of 100 pg cold RNA in vivo (uninfected, chloramphen- 
icol or late RNA respectively). After incubation 0.1 ml 
of distilled water and 50 pg/ml pancreatic RNase 
were added and the incubation continued at 37 "C for 
30 min. The RNase-resistant RNA was determined 
by precipitation with cold 5 % trichloroacetic acid in 
the presence of 100 pg bovine serum albumin as carrier. 
As a control of the activity of the RNase, aliquots of 
the labeled RNAs were heated for 5 min in a bath of 
boiling water, cooled in ice and the RNase-resistant 
radioactivity determined as indicated above. 
RESULTS 
Fig.2A shows the results on the transcription of 
linear @29 DNA and EcoRI fragments by purified 
B. subtilis RNA polymerase. Fragments EcoRI-A, B 
and C, but not D and E, directed the incorporation 
of radioactive UTP into cold 5 % trichloroacetic-acid- 
insoluble material. By using [ Y - ~ ~ P I G T P  and [Y-~'P]- 
ATP, we had previously shown that the initiation of 
transcription on linear @29 DNA by purified B. sub- 
tilis RNA polymerase takes place mainly with GTP 
and, to a smaller extent, with ATP, the ratio being 
approximately 3 1131. To determine the specificity of 
initiation by fragments A, B and C, the incorporation 
of [y-32P]GTP and [Y-~'P]ATP directed by these frag- 
ments by using purified B. subtilis RNA polymerase 
was studied. Fig. 3 shows that fragments EcoRI-A and 
C initiate preferentially with GTP while fragment B 
initiates mainly with ATP, the ratio of initiation with 
GTP relative to ATP being 2.5, 2.4, 0.4 and 4.9 for 
linear @29 DNA and fragments A, B and C respec- 
tively 
B 
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Fig. 2. Transcription of linear @2Y DNA or EcoRIfragments b), pur i j kd  €5. subtilis RNA polymerase or crude extracts. The assay conditions 
were as described in Materials and Methods. (A) 0.8 pg purified B. .suhtilis R N A  polymerase holoenzyme was used. (B) 125 pg B. subtilis 
extract prepared as indicated in Materials and Methods were used. (O--O) Linear @29 D N A ;  (O----O) fragment EcoRI-A; (U ---O) 
fragment EcoRI-B; (a- m) fragment EcoRI-C; (A- ~ - A )  without DNA 
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Fig. 3. Incorporation of’[?--”P]GTP and [y-”P]ATP with purified B. subtilis RNA polymerase directed by linear a29 DNA or EcoRI fragments. 
The assay conditions were as described in Materials and Methods. (A) Linear @29 DNA. (B) Fragment EcoRI-A. (C) Fragment EcoRI-B. 
(D) Fragment EcoRI-C. (G---O) [3H]UTP; (0----0) [y-32P]GTP; (A-- -A) [Y-~*P]ATP 
Table 1. Inhibition by dinucleotides of’ [Y-~=P]GTP and [y-3ZP]- 
A TP incorporation directed by fragments EcoRI-A or C 
The incubation mixture contained the components indicated in 
Materials and Methods. 3.9 pg B. subtilis RNA polymerase holo- 
enzyme was used 
Dinucleotide Inhibition of incorporation of 
[y-”P]GTP [y3’-P]ATP 
~ 
EcoRI-A EcoRI-C EcoRI-A 
% 
91 
90 
82 
12 
65 
51 
16 
3 
7 
0 
21 
0 
87 
21 
91 
95 
89 
66 
40 
8 
14 
17 
23 
20 
0 
19 
0 
0 
0 
7 
0 
98 
94 
74 
9 
0 
To investigate further the specificity of initiation 
in the EcoRI fragments, the inhibition by dinucleo- 
tides of the incorporation of [Y-~’P]GTP and [y3’P]- 
ATP directed by fragment A and that of [y-32P]GTP 
directed by fragment C was studied. The incorpora- 
tion of [Y-~~PIATP directed by fragment C and that 
of the two (p3’P)-labeled nucleotides directed by 
fragment B was too small and the effect of dinucleo- 
tides was not studied. As seen in Table 1 some di- 
nucleotides like UpG, ApG, CpG and GpG inhibited 
to a similar extent the incorporation of [y-32P]GTP 
directed by fragments A and C ; the dinucleotide GpU 
inhibited to a higher extent the incorporation directed 
by fragment A while the reverse happened with GpA. 
The rest of the dinucleotides inhibited to a small ex- 
tent the incorporation of [p3’P]GTP. The incorpora- 
tion of [p3’P]ATP directed by fragment A was in- 
hibited mainly by the dinucleotides UpA, ApU and 
CpA, which had no effect on the GTP incorporation. 
To characterize further the RNA synthesized in 
vitro by purified B. subtilis RNA polymerase directed 
by linear @29 DNA or by the fragments EcoRI-A, B 
and C ,  experiments of hybridization-competition and 
RNA. RNA hybrid formation were carried out. 
Fig.4A shows that non-radioactive RNA in vivo, 
isolated at a late time after @29 infection, displaces 
over 90% of [3H]RNA, synthesized in vitro by B. 
subtilis RNA polymerase directed by linear @29 DNA. 
Only approximately 60 % of this [3H]RNA is displaced 
by the RNA isolated from bacteria infected in the 
presence of chloramphenicol (early RNA). As a con- 
trol, the RNA isolated from uninfected bacteria did 
not displace the RNA synthesized in vitro. These 
results suggest that the RNA synthesized in vitro by 
B. subtilis RNA polymerase with linear @29 DNA as 
template contains about 30% of either late RNA or 
anti-late-RNA species. When the RNA synthesized 
in vitro directed by fragment EcoRI-A was analyzed 
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Fig.4. Competition of the [ ' H I R N A  synthesized by B. subtilis R N A  
polymerase directed by linear @29 DNA or EcoRI fragments A ,  B 
and C by unlabeled R N A  in vivo. The RNA synthesized in vitro by 
purified B. subtilis RNA polymerase holoenzyme directed by linear 
@29 DNA or EcoRI fragments A, B and C, labeled with ['HIUTP 
and the unlabeled RNA isolated from uninfected cells or from cells 
infected with @29 in the presence or in the absence of chlorampheni- 
col and taken late after infection, were prepared as indicated in 
Materials and Methods. To each filter, containing 0.5 pg denatured 
@29 DNA, 'H-labeled RNA synthesized in vitro directed by linear 
@29 DNA (A) or by fragments EcoRI-A (B), EcoRI-B (C) or 
EcoRI-C (D) and the indicated amounts of chloramphenicol RNA 
(.-- O), late RNA (A- A), or RNA isolated from un- 
infected bacteria (0-----0) were added 
(Fig.4B), it was seen that the chloramphenicol RNA 
in vivo displaced approximately 75% of the RNA in 
vitro while late RNA again displaced more than 90 % 
of this RNA. Up to 40 % of the RNA species, directed 
by fragment EcoRI-B, was displaced by chloramphen- 
icol RNA in vivo, and 90 % was displaced by late RNA 
(Fig. 4C). Chloramphenicol RNA displaced 90 % of 
the RNA species directed by fragment EcoRI-C while 
late RNA displaced about 75 % (Fig. 4D). 
To check for the synthesis in vitro of either sym- 
metric RNA or anti-messenger RNA the RNase- 
resistant RNA after self-annealing or after annealing 
with an excess of unlabeled chloramphenicol or late 
RNAs in vivo was analyzed. Table 2 shows that more 
than 95% of the RNA synthesized in vitro directed 
by either complete linear @29 DNA or the EcoRI 
fragments was asymmetric. After annealing with un- 
Table 2. R N A .  R N A  hybrids between R N A  in vivo and [ 3 H ] R N A  
synthesized by B. subtilis R N A  polymerase directed by linear @29 
DNA or fragments EcoRI-A, B and C 
RNA . RNA hybrids were assayed as the percentage RNase-resist- 
ant ['HJRNA after annealing. The [3H]RNA synthesized by B. 
subtilis RNA polymerase directed by linear @29 DNA (3800 counts/ 
min) or by the EcoRI fragments A (5800counts/min), B 
(4700 counts/min) or C (3700 counts/min) was either self annealed 
or annealed with cold RNA in vivo and treated with pancreatic 
RNase as indicated in Materials and Methods 
~ ~ _ _ _ _ _ _ _ _ _ _  ____ ~ 
['HIRNA zn vitro Hybridization with RNA in vivo 
none uninfected + chloramphenicol late 
- 
Linear @29 DNA 3 6 7 
EcoRI-A 1 3  3 
EcoRI-B 4 6  8 
EcoRI-C 1 2  2 
29 
3 
90 
3 
labeled RNA from uninfected bacteria or from bac- 
teria infected in the presence of chloramphenicol, 
less than 10% became RNase resistant indicating 
that no anti-early-messenger RNA was being formed. 
However, after annealing with non-radioactive late 
RNA, 29% of the RNA synthesized in vitro directed 
by complete linear DNA and 90 % of that directed by 
fragment B became resistant to RNase. These results 
indicate that fragments A and C do not direct the 
synthesis of anti-late-messenger RNA while a high 
proportion of the RNA synthesized directed by frag- 
ment B and, to a lesser extent, that synthesized by 
complete linear DNA is anti-late-messenger RNA. 
As shown in Fig.1, if cistron 13 and/or 14 code 
for an early protein there could be a termination point 
to stop the transcription of early genes at the left of 
the cistron(s) within fragment EcoRI-B. One possibil- 
ity to account for the formation of anti-late-messenger 
RNA directed by fragment B could be that this ter- 
mination signal was not recognized by B. subtilis 
RNA polymerase without the help of a termination 
factor. When a crude B. subtilis extract was used 
instead of purified RNA polymerase, the transcription 
of fragment B was greatly decreased (Fig. 2 B), while 
that of fragment A and C essentially was not affected. 
The same kind of result was observed when a small 
amount of a B. subtilis crude extract was added to 
purified B. subtilis RNA polymerase; as shown in 
Fig. 5 the RNA synthesis directed by fragment B was 
greatly decreased while that directed by fragment C 
was unaffected. 
DISCUSSION 
The transcription of fragments EcoRI-A and C 
by purified B. subtilis RNA polymerase is in agreement 
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Fig.5. Eff;c.t of the addition o j  B. subtllis extracts on the transwiptiorz oJ fragments EcoRI-B and C by puriJkd B. subtilis R N A  polymerase. 
The assay conditions were as described in Materials and Methods. The amount of fragments EcoRI-B and C used was 1.1 pg and 0.9 pg 
respectively. 0.8 pg purified B. suhrilis R N A  polymerase and 50 pg B. suhtilis extract, prepared as indicated in Materials and Methods, were 
used. (A) EcoRI-B; (B) EcoRI-C. (O----o) RNA polymerase; (D----U) extract; (0- - 0)  RNA polymerase plus extract 
with the existence of genes coding for early proteins 
within these two fragments (see Fig. 1). The transcrip- 
tion of fragment B suggests that either gene 13 or 14, 
or both, code for early protein(s). 
We have shown previously that the transcription 
of linear @29 DNA by purified B.  subtilis RNA poly- 
merase holoenzyme is initiated preferentially with 
GTP and, to a lesser extent, with ATP, the ratio of 
initiation by the two nucleotides being approximately 
3 [13]. To localize the regions of GTP or ATP initiation 
within the DNA molecule, the incorporation of [y-”PI- 
GTP and [Y-~’P]ATP directed by the EcoRI-A, B 
and C fragments was studied. As shown in Fig.3 
fragments EcoRI-A and C initiate preferentially with 
GTP relative to ATP while the reverse happens with 
fragment B. However, the three fragments direct the 
incorporation of both (y-32P)-labeled nucleotides to 
a higher or lower extent. 
The inhibition by dinucleotides of the incorpora- 
tion of [y-32P]GTP and [Y-~~PIATP incorporation has 
been used as a method to determine the 5’-terminal 
sequence in the initiation region corresponding to 
GTP or ATP initiations [16,17]. In the case of the 
transcription of linear @29 DNA by B. subtilis RNA 
polymerase we determined the dinucleotides which 
inhibited the incorporation of [ Y - ~ ~ P I G T P  and [y-”P]- 
ATP 1131. The specificity of the dinucleotides to inhibit 
the incorporation of [Y-~’P]GTP directed by fragments 
EcoRI-A and C is studied in this paper. Certain 
dinucleotides like UpG, ApG, CpG and GpG inhibited 
the incorporation of [y-32P]GTP directed by both 
fragments. However, the dinucleotides GpU and 
GpA inhibited more specifically the incorporation of 
[ Y - ~ ~ P ] G T P  directed by fragments A and C, respec- 
tively. These results suggest that, at least, two different 
5’-terminal GTP-initiation sequences are present in 
@29 DNA in fragments A and C. On the other hand, 
the dinucleotides UpA, ApU and CpA were the main 
inhibitors of the incorporation of [y-32P]ATP directed 
by fragment A, suggesting again the sequence 5‘- 
C-A-U-A-3’ for the 5’-terminus of the region initiated 
by ATP [13]. The same ATP initiation sequence has 
been proposed by Hoffman and Niyogi in the case of 
the transcription in vitro of T4 DNA [17]. 
Hybridization-competition experiments and for- 
mation of RNase-resistant RNA.RNA hybrids to 
study the nature of the RNA synthesized in vitro have 
shown that the RNA transcribed from fragment C is 
asymmetric early mRNA. The fact that late RNA dis- 
places only about 75 % of fragment-C-directed [H3]- 
RNA is consistent with the possibility that some of the 
early RNA species coded by this fragment are absent 
or exist in small amounts in late RNA. The RNA syn- 
thesized from fragment A is also asymmetric and does 
not contain anti-mRNA species. In this case the com- 
petition by chloramphenicol RNA in vivo is only 
approximately 75 %, therefore one cannot tell at pres- 
ent whether there is synthesis in vitro of a small per- 
centage of late species, due to some initiation of late 
transcription, or if this fragment codes for the RNA 
species of molecular weight 440000 shown by Losku- 
toff and Pene [18] to be absent from the RNA synthe- 
sized in the presence of chloramphenicol. Fragment 
B directed the synthesis of asymmetric RNA, which 
contained mostly anti-late-RNA with a small per- 
centage of early RNA. This result could be due to an 
incorrect initiation of transcription or it could be 
explained by the assumption that cistrons 13 and/or 
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14 code for an early protein. In this case there would 
be a termination signal at the left of the cistron(s) 
(see Fig. 1) to stop the transcription of the early genes. 
There is the possibility that the termination signal 
would not be recognized by B. subtilis RNA poly- 
merase, a termination factor being needed to stop 
transcription at this point. When small amounts of a 
B. subtilis crude extract were added to the purified 
RNA polymerase, the transcription of fragment B 
was greatly decreased while that of fragment C was 
unaffected. This result could indicate that the crude 
extract is providing a termination factor to stop 
transcription within fragment B. If this were the case 
it could provide a good assay to characterize a B. 
subtilis termination factor for transcription. 
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